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THE QUALITATIVE DETERMINATION OF CLAY 
MINERAL GROUPS BASED ON COLOUR REACTION' 
BY J. MEZOSI 
PRELIMINARY REPORT 
INTRODUCTION, METHODS OF INVESTIGATION. 
For the solution of many scientific and practical problems the exact 
knowledge of the mineral composition of clays is important. A common 
characteristic of clay minerals is that they mostly crystallise very diffi-
cultly, consequently, they usually occur as minute crystals (the diameter 
of their granule not exceeding 0.0002 mm in size). 
Considering the importance of clay minerals, various methods were 
elaborated for their determination. 
The more important ones are as follows: 
1. Optical method. This method can only be used if the size of the 
granule components does not exceed the clayey fraction, i. e. they are at 
least 2 microns in size or larger. Kaoline is almost the only clay mineral 
which corresponds to this postulate. The bulk of the other clay minerals 
are; about the size of colloids or still small. Hence the smallness of the 
¿rain sets a limite to the use uf optical determination methods. Consider-
ing that the qualitative determination is already difficult the quantita-
tive one is still more complicated. Apart from this the changes in the 
external conditions renders the application of the optical method still more 
intricate. Thus, for instance, at the determination of the value of the re-
fraction index and of the magnitude of the double refraction such factors 
as temperature, pressure, the quality of the embedding liquid, wave 
length, etc. all play a role. Concerning the effect ot the environment it 
should only be mentioned that, e. g. montmorillonites can take up water 
various cations etc. between their interlaminar layers which influence the 
refraction of light to a great e x t e n t . 3 - 2 0 
2. The electronmicroscopic and rontgenographic methods of determi-
nation yield exact results, however, dwing to the intricate and expensive 
equipment needed, their application is no easy matter so that these 
methods cannot be generally used.12,14 
3. A disadvantage of the chemical methods is that the analyses do 
not always furnish suitable results. In this respect the fact, that whithin 
1 Delivered as a lecture to the Geochemic'al Commission of the Hungarian 
Academy of Science at its Meeting in April 1954. 
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the same kind of mineral the chemical composition varies very much, 
that certain ions can substitute one another to a great extent, as well as 
the base exhange capacity, the variations of the water content, the great 
adsorbtion ability, etc.4,14 must all be taken into account. 
4. The examinations carried out by means of differential thermal 
analyses supplement the X-ray examinations. The disadvantage of this 
method is that its exactness depends upon many factors: fineness of t h e 
pulverization, the impurities, etc. Thus the data reported by the different 
authors cannot be compared'at first hand,, whereas in the case of t h e 
results obtained with X-ray examinations this is possible. Hence by 
differential thermal investigations for each apparatus a comparison curve 
must be previously prepared from the pure substance. This method was 
elaborated in Hungary by Mrs. A. F ö l d v á r i . With her method quanti-
tative determinations within an error range of 0.5 per cent can also be 
performed. 
5. It is known that the inter laminar adsorbtion of the montmorillo-
noid group which can be brought about by an excess charge can alter the-
mterlaminar distance in a characteristic manner. As organic molecules. 
,can also be. built in organic complexes may form, too. On this basis 
.already some time ago colour methods were elaborated for the mont-
•morillonoid groups. Initially aniline and aso dyes, later amines were used 
for the investigations.1,2-9-10- 13•15,16 Other workers carried out ex -
.periments with benzidin.16-21 The mechanismus involved at the coloura-
tion of the clay surfaces,21 as well as the relation between the ionic sub-
stitution of montmorillonits and swelling were examined.2,21 The diffe-
r e n t types of colour tests were in the first place used for the determina-
tion of the montmorillonoid group. 
Of the investigations reported particularly the results published by 
H a u s e r a n d L e g g e t t 1 0 are valuable. In their work all the organic 
subtances involved at the coluration of clays are listed in tables. The-
. experiments were carried out with Wyoming bentonite, hence their results 
.are only valid for montmorillonoid groups. As they established that cer-
tain compounds do not exhibit colour reactions (certain anilines, aliphatic 
amines, saturated cyclic amines, nitrobenzene, heterocyclic nitrogen, 
compounds, furthermore organic compounds where there are no amine 
groups on the benzene ring did not show colour reactions; the acetyl 
..group, bound to the nitrogen, NOa, S03, H, acetyl, Br, OH inhibited t h e 
colour reaction, the methoxyl and ethoxyl groups lightened the colour)' 
the investigations were, of course, continued with those groups of com-
pounds where colour formation could be observed. 
The colouration produced by the organic compounds examined by 
H a u s e r and L e g g e t t could not always by precisely, identified. 
The authors obtained with orthotoluidine on bentonites in alkaline-
medium a yellow and in acid medium a pink colouration. B o s a z z a 1 
and the author, however, observed in alkaline medium a green, in a 
neutral oiie a bluish green and in acid medium an orange yellow colou-
ration. 
H a m b l e t o n and D o d d 8 carried out their experiments with, 
para-aminophenol with which compound H a u s e r and L e g g e t t 
could not detect a colour reaction. This procedure is, however, very 
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uncertain, as for instance when HC1 was added dropwise into the alcoholic 
solution of para-aminophenol — according to the prescription - published 
by the former two authors — and then left to dry, a bluish lavendel 
colour appeared which according to them is characteristic for the montr 
morillonoid group. It is, however, also probably that the purity of the 
•compound influences to a great extent the colour production and un-
fortunately no chemically pure para-aminophenol was available to the 
author of this paper. 
EXPERIMENTAL RESULTS. 
The respective compounds were also examined as to what colour 
they show in alkaline or acid medium and as to whether the produced 
colour does not interfere with the colouration of the complex com-
pounds formed on the clay samples. If the compound exhibited in acid 
or alkaline medium without the addition of any other substance a colour 
reaction it was 'not further examined as the colour would as it is have 
caused an interference. 
Concerning the concentration of the solutions — but for the''one-
para-aminophenolic examination — the author could not find any refe-
rence in the literature. Thus to obtain the most suitable colour intensity* 
solutions of 10, 1 and 0.1 per cent were prepared. In the case of caoline, 
when benzidine was used, no> essential difference could be found between 
the solutions of 1 and 0.1 per cent. On increasing the concentration the 
undissolved (?) benzidine on the surface of the suspension interfe-
red. With montmorillonite when a solution of 10 per cent Was' 
xised the result was the same as with caoline, a solution of 1 per cent 
yielded a fine Berlin-blue colour, one of 0.1 per cent a somewhat less 
distinct colour. With illite a solution of 10 per cent furnished a pale blue' 
•colouration, on using a solution of 1 and 0.1 per cent the colour became 
still lighter. 
Of orthotoluidine also solutions of 10, 1 and 0.1 per cent were pre-
pared. In the case of the caoline group if a solution of 10 per cent was 
used the surface resembled that observed with benzidine. With a solution 
of 1 per cent a turquoise green colour appeared, with a solution of 0.1 
per cent the colour faded somewhat. In the case of mortmorillonite with 
a solution of 10 per cent like in the latter case no proper colouration 
could be detected, whilst on using a solution, of 1 per cent the colour of 
the suspension became greenish blue, with "one of 0.1 per cent a lighter 
colour was produced. With the illite group the colour resembled that of 
caoline when solutions of varying concentration were used. 
Solutions of 10 and 0.1 per cent were prepared from diphenyl amine. 
However, in this case, considering that the reaction runs down more 
rapidly in a hydrochloric acid medium, the addition of different concen-
trations of HC1 was also attempted. For all three mineral groups the 
diphenyl amine concentration proved to be the most suitable, if a solution 
of 1 per cent was used, Whereas the variation of the hydrochloric acid 
concentration did not influence essentially the course of the reaction. For 
all further experiments HC1 was used in a solution of 10 per cent. 
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The series of experiments revealed that for these compounds a solu-
tion of 1 per cent proved to be the most suitable concentration.. 
Earlier authors who have dealt with this problem were of the opinion 
that only certain factions of the substance are suitable for the determi-
nation. They examined the resulting colouration on single granules under 
the microscope. The author of the present paper, on the other hand,, 
pulverised in all his experiments the substance to be examined in a 
mortar. In every case a solution of 1 per cent was prepared from the 
respective organic compounds and a suspension of the substance to be 
examined was made with this solution in small white coloured porcelaine 
dishes. In this manner the colour reaction could be easily observed with 
the naked eye. As far as possible the compounds used for the experiments 
were always pure chemically. 
The composition of all substances used for the experiments, as well 
as their structure are all known on the basis of previous investigations, 
they represent characteristic samples of the different clay mineral groups. 
The samples occurred at the following deposites: the caoline at Zettlitz. 
the montmorillonite at Gönc and the illite at Füzérradvány. The samples-
were furnished by Mrs. F ö l d v á r i the head of a department of t he 
Geological Institute and the author wishes to express his sincere gratitude 
to her for her kindness. The author is also very much obliged to the Hun-
garian Mining Research Institute for providing the substances needed for 
the experiments, they were made available from the following places. 
Gönc, Mád, Komlóska, Istenmezeje and Nagytétény. 
With various organic compounds the following results were obtained: 
BENZIDINE (4 4' diamino-diphenyl). 
W e i l , M a l h e r b e and W e i s s 2 1 consider the blue reaction of 
benzidine to be an oxidation-reduction mechanism. 
Some authors are doubtful as to the utility of benzidine, amongst 
others only a paper published by P a g e 1 3 should be mentioned. On the 
other hand, the investigations of S i e g l 1 6 and other authors proved that 
it is suitable for the determination of montmorillonite, particularly in a 
neutral medium. H a u s e r and L e g g e t t , 1 0 mainly on the basis of the 
investigations of S t e r n , also find it appropriate for the determi-
nation of the montmorillonites. On using it for the minerals of the 
caoline group B o s a z. z a1 did not obtain a colour reaction either in a 
wet or in a dry state, with montmorillonite and illite (!) on the other 
hand, he observed a Berlin-blue colouration. He mentions that the 
caoline which he examined, though it contained a considerable amount 
of ferrous and ferric iron, did not show any colour reaction. With the 
exception of B o s a z z a1 all investigators did not take the pH values 
into consideration. 
The author of this paper the colours produced during the reaction by 
the means of the UNESMA22 colour scale. 
Our investigations have proved that benzidine is suitable for the 
determination of montmorillonoide groups through the colour reaction 
the latter can be well distinguished from the caoline- and illite groups. 
After standing for a fairly long time the reaction also runs down if a dry 
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colouration shows to a certain extent .how much of the montmorillonoide 
group is contained in the respective clay. In such cases the characteristic 
Berlin-blue colouration is somewhat diluted. The mixture of mineral 
groups contain every transition colour from the light blue of caoline or 
illite to the characteristic Berlin-blue of montmorillonite. A disadvan-
tage of using benzidine for the investigations is that the caoline and illite 
groups cannot be differentiated from each other. 
In the course of drying the colour gradually changed from blue to green 
and yellow, becoming finally colourless. If water was added to the sub-
stance after it had been.dried it soon took up its original colour. W e i l , 
M a l h e r b e and W e i s s 2 1 only obtained a weak colour reaction with 
montmorillonite and caoline, the intensity of the colour also only in-
creasing slowly, whereas at the experiments of the author of this paper 
the colour reaction took place rapidly under the conditions described 
above. 
ORTHO-TOLUIDINE (ortho-aminotoluene). 
H a u s e r and L e g g e 1110 also carried out experiments with the 
homologues of aniline ortho-, meta- and para-toluidine. They obtained 
with ortho- and meta-toluidine in the case of bentonite in alkaline medium 
a yellow colour and in acid medium an orange one, whereas with para-
toluidine a pink colouration only in proportion to the amounts appeared 
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The author of the present paper only carried out experiments with 
ortho-toluidine, the result are summarised in the following table. 
The table shows that ortho-toluidine is very suitable, particulary in 
a neutral medium, for the determination of montmorillonite. It also yields 
the corresponding values in alkaline and acid medium, but only for mont-
morillonite. The differentiation of the caoline and illite group is also 
difficult in this case. If montmorillonite is mixed with illite or caoline 
the characteristic green colour is diluted and in proportion to the amount 
of the' mineral groups all colours from a light greenish blue to the dark 
greenish blue of pure montmorillonite can be produced. 
B o s a z z a 1 also accomplished experiments with ortho-toluidine. It 
is interesting that he did not obtain any colour reaction with any of the 
minerals of the caoline group. With bentonite and montmorillonite he 
did not either achieve any results. In the course of the examinations of 
the author illite showed only a weak colour reaction, whilst B o s a z z a 1 
could only detect a dirty green colouration in the case of this mineral 
group. 
The author let ortho-toluidine undergo reactions with ferrous and 
ferric compounds. In the case of ferrous compounds there was no change 
of colour, in that of ferric ones the solution showed a green colour. Thus 




H a u s e r and L e g g e 1110 obtained with montmorillonite both in 
acid and alkaline mediums a blue colouration, however, they do not 
describe the experimental conditions. B o s a z z a on the other hand, 
only succeeded in observing a dirty green colouration with activated 
Fullers earth, whereas in the case of caoline-, montmorillonite- and 
illite groups in moistened and dry no colouration could be observed. 
The results of the experiments of the author are illustrated in the 
following table: 
sample 
p 1—2 P H 6 - 7 P H 9 
- 1 0 
deposite 




































































With an alcoholic solution of 1 per cent of diphenylamine a suspension 
was prepared in a neutral medium the reaction taking place very slowly, 
the colouration only appeared after the substance had dried. In acid 
medium the reaction ran down relatively quickly, about within an hour 
The experiments show that particularly in acid medium the montmorillo-
nite group can be well distinguished from the caoline- and illite ones, 
respectively. However, this procedure has also the disadvantage that the 
caoline and Illite groups cannot be differentiated from each other, fur-
thermore that in the case of a caoline-montmorillonite mixture neither 
the lighter green colour of caoline, nor the darker green one of montmo-
rillonite can be distinctly detected, but that in proportion to the mixture 
transition colours appear. 
41 
DIMETHYLANILINE. 
It belongs to the tertiaery amines. 
This organic compound was only examined by H a u s e r and 
L e g g e 1110 on Wyoming bentonite. The author of the present paper did 
not only examine caoline and illite but also extended his experiments to 
montmorillonite. When the pulverised substance was mixed with the 
reagent the substance of all three mineral groups turned light green 
resembling the colour of dimethylaniline. The colours could only be 
distirfguished, in the course of the drying of the substance caoline turning 
brownish green, montmorillonite dark green and illite light green. When 
the substance was dryed the colours changed, caoline showed a light green 
colouration, montmorillonite no change of colour and illite became 
colourless. After being kept for some time, first caoline and illite, later 
also montmorillonite exhibited a blue and eventually a pink colour 
already previously observed, 
* 
The disadvantage of the examination methods used so far is that they 
are only suitable for proving the presence of montmorillonite and for the 
distinction of montmorillonite from caoline and illite groups. However, 
they do not render possible the establishment whether caoline or an illite 
group, or a mixture of these clay mineral groups is involved. For this 
purpose the author performed experiments with several groups of organic 
compounds, among others with phenols. The latter have ;— as1 is known 
— an acid character, and combine with alkalies to form salts. The acid 
character becomes more pronounced if not only a hydroxil radical, but a 
nitro radical is also substituted. The following compounds proved to be 
suitable: para-dioxybenzene (also called hydrochinone), used for photo-
graphy, para-methylaminophenol (methol) and para-methylaminophenol-
sulphate. A solution of 1 per cent was also prepared from these com-
pounds for the experiments. Experiments with pure substances yielded 
the following results at pH 6—7. 
On using a solution of 1 per cent of paramethylaminophenol and 
paramethylaminophenolsulphate montmorillonite turned immediately 
light green. This colour gradually faded. With para-dioxybenzene at first 
no change could be observed in either group, later after standing for a 
fairly long time the green colour of montmorillonite faded completely 
and the colour of the substance to be examined showed at the most 
a light greenish tint. At the same time caoline also began to undergo a 
change, with para-methylaminophenol and para-methylaminophenol sul-
phate a greenish brown, with para-dioxybenzene a pink colouration could 
be observed. This reaction ran down relatively slowly lasting about one 
day. In alkaline medium on the action of any of the three reagents the 
liquid above the substance turned brown. This could be seen in the case 
of all three samples. Caoline and illite remained colourless, whereas the 
whole of the montmorillonite took up a greenish brown colour (2pc). In 
acid medium the light green colour of montmorillonite disappeared at 
once, gradually, however, it after all changed again to a green colour 
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colourless no change 
later displaying a bluish tint (19ne). Caoline and illite, on the other hand, 
do not change either in a wet or a dry state and do not show any colour 
reaction. If-pure caoline and illite were mixed in a ratio of 1 :1, the 
suspension prepared from a solution of 1 per cent of para-me,thylamino-
phenol sulphate was at first — as long as it was wet —i colourless 
eventually it turned greenish brown which colour also persisted when it 
was dry. A mixture of caoline and montmorillonite 1 :1 behaved in the 
same way. A mixture of montmorillonite and illite 1 :1 did not show any 
change whether it was wet or dry. Control experiments were carried out 
with bentonite from Istenmezeje it was pulverised and a suspension 
prepared not either showing any colour reaction. According to the data 
reported in the literature bentonite from Istenmezeje consists of 85 per 
centi montmorillonite and 12 per cent illite: The fact that the clay minerals 
are not pure could already be established in the course of the exami-
nations with benzidine, inasmuch as a deep Berlin blue colour could 
not be observed. This method makes it obvious that only the caoline 
group undergoes an essential change, hence it is easy to distinguishe it 
from montmorillonite and illite. These two latter groups, on the other 
hand, can be readily differentiated with any of the methods using amines. 
An experimental series was devised to keep the different clay mine-
ral types at various temperatures for an hour in order to observe at 
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which temperatures they undergo a colour reaction. As the action of ben-
zidine is very rapid and intensive a suspension of a benzidine solution of 
1 per cent was prepared from samples heated to different temperatures, 
of course, the heated sample was first cooled to room temperature. 
The following results were obtained: 
temperature 
Co 
caoline montmorillonite illite . 














































. The experiments proved that relatively the caoline group is the most 
sensitive to changes of temperature, a sample heated to 500° C and sub-
sequently cooled did not any more' show a characteristic colour reaction. 
If we compare this with the values obtained by means of differential 
thermal analysis reported in the literature7 's '12 it can be established that 
in the case of most caolines at a temperature of 500—550° C an endotherm 
change results depending upon which of the members of the caoline 
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group are present. The separation of the hydroxyl radicals results in the 
decomposition, of the crystal lattice. Hence it is obvious that such 
samples do not exhibit a colour reaction. 
In the case of montmorillonite a bentonite sample from Istenmezeje 
first heated to 500° C and 600° C and then cooled, showed instead of the 
characteristic Berlin-blue colouration a dark green one (15 pa). 
Another sample heated to 700° C exhibited the same colour, the only 
difference being that when benzidine was used for the suspension of the 
pulverised sample ist colour was of a lighter tint. Both wet and dry sus-
pensions prepared from .a. sample heated to 800° C and still higher tem-
peratures no longer showed any colouration. The curves plotted on the 
basis of the differential thermal analyses reported in the literature 
show that the decomposition of the crystal lattice and the separation cf 
the. OH radical of the various members of the montmorillonoide family 
occurs at different temperatures: with nontronite at 450—500° C, with 
montmorillonite at 600—700° C and with hectorite at 700—900° C. It 
may therefore be'assumed that probably it is possible to determine the 
mineral species within a montmorillonoide group more, exactly. In this 
respect bentonite from Istenmezeje was examined, the presence of mont-
morillonite could undoubtedly be established in it, however, it stands to 
question what cause the appearence of the dark green colour instead of 
the blue one of benzidine. 
Although the OH radical of the illite group separates at a tem-
perature range of 200—600° C the crystal lattice persists, at the most the 
'lattice constants increase to a small extent. The structure disintegrates 
gradually the complete decomposition only taking place at 800—900° C. 
On heating, the illite showed a light greenish blue colour reaction till the 
temperature reached 700° C above it both wet and dry suspensions pre-
pared from this substance did. not undergo any further change. After 
standing for some time the green colour turned gradually greenish blue. 
The experiments point to the fact that within all three mineral 
groups a colour reaction only takes place as long as the structure is 
intact, if the structure disintegrates a . colour 1 reaction does not take 
place any more. It will be attempted to extend the method of examination 
not only to render possible a quick and certain determination of pure 
substances,_ but also of mixtures. We shell try to establish which com-
pounds are more reactive those of acid or those -of alkaline character, 
furthermore to what extent the colour reaction is sensitive to the changes 
of the pH and finally to examine the substance yielding a colour reaction 
under the microscope. It would also be useful to extend the investigations 
to the determination of soils. However, in this case it must be taken, into 
account that their darker colour will cause difficulties. 
Later it will be possible to control and supplement, the results 
•through comparing them, with the values obtained with the. differential 
thermal analyses. It seems also desirable to examine the complex com-
pounds forming at the colour reactions more closely. 
An advantage of the method is that the different clay mineral groups 
can be readily determined in the areas of occurrence rendering the inves-
tigation of these kinds of crude substances far easier. Another important 
field of research is oil mining where the quick determination of the clay 
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mineral groups is also a significant factor. If the method can be improved 
it may under certain conditions also be suitable for the identification of 
the geological strata. 
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